The management of a successful breeding colony of common marmosets, Catlithrix jacchus, is described, including details of treatment during the conditioning period after arrival from the wild. Methods are described for the collection of blood, urine, and vaginal washings. Suggestions are made for improving the conditions of importation of these animals from South America.
Marmoset
monkeys have numerous advantages as laboratory primates. Their small size makes them relatively easy to handle, and inexpensive to house and feed. When kept under suitable conditions they will breed readily, usually producing 2 sets of twins each year.
Their size does pose problems for experimental surgery and precludes the withdrawal of large quantities of blood, but their high fecundity means that marmosets are one of the few primates that can be maintained in large self-supporting colonies at reasonable cost.
Marmosets have been used increasingly in recent years for studies in immunology (Gengozian, 1969) , virology (Deinhardt, 1970) , behaviour (Epple, ] 970), teratology (Poswillo, Hamilton & Sopher, 1972) and endocrinology (Hearn, Short & Lunn, 1975) . Some aspects of steroid metabolism have been investigated in the pregnant marmoset by Shackleton (1974) . studied the reproductive biology of the common marmoset, Callithrix jaccl1us, which becomes sexually mature at about 14-18 months, has an ovarian cycle ofI6·4±1·7 days, and a gestation period of 148±4'3 days. This communication describes the management of a successful breeding colony of common marmosets, starting with the period immediately after the animals arrive from the wild, when their condition is poor, and yet they must adapt quickly to a new diet in captivity.
Techniques are described for the collection of blood, urine and vaginal washings.
A colony of 200-250 animals should be self-replacing every 3-4 years, without the need for fresh replacement from the wild. Numbers in the wild are becoming increasingly depleted and animals therefore more difficult to obtain. MANAGEMENT 
Animals
Adult male and female marmosets (Callithrix jacchus) were imported from South America and placed in quarantine for 6 months (a legal obligation in the U. K.). On arrival they were usually emaciated, dehydrated and extremely stressed.
They were fed and watered by hand, forcibly if necessary, for the first few days and given 100 mgjkg bodyweight penicillin ('Penbritin'; Glaxo Laboratories .Ltd, 891-995 Greenford Road, Greenford, UB6 ORE) intramuscularly for 4 days after arrival.
They were wormed once a week for the first 6 weeks with 80 mgjkg bodyweight crushed thiabenzole orally in syrup ('Mintezol'; Merck, Sharp & Dohme Ltd, Hertford Road, Hoddesdon, ENII 9BU) . At the end of this period they were given 15 mgjkg bodyweight levamisole ('Ketrax'; Imperial Chemical Industries Ltd, Pharmaceuticals Division, Alderley Park, Macclesfield, SKIO 4TF) orally to complete the worming treatment. Any obviously unhealthy animals were isolated to reduce the risk of cross-infection.
If animals were very ill they were given 50 mg/kg bodyweight chloramphenicol ('Intramycetin'; Parke Davis & Co., Usk Road, Panty pool, NP4 8YH.) and 0,5 ml vitamins Band C ('Parentrovite'; Bencard, Beecham House, Great West Road, Brentford, TW8 9BO) intramuscularly for 2-3 days.
Caging and conditions
On arrival the marmosets were weighed and divided into male-female pairs each in a cage ( Fig. I ) 50 X 50 x 75 cm containing a nest box 17 X 25 X 17 cm and 2 wooden perches (Forth-Tech Services Ltd, Mayfield, Dalkeith, Midlothian).
After the first 7 days in captivity each pair in turn was allowed access for 24 h to an exercise cage 150 X 100 X 210 cm which contained branches and ropes; one of these was placed in the middle of each animal room with the individual cages spaced around the walls. A tunnel of 30 cm diameter flexible ducting (Flexible Ducting Ltd, Cloberfield, Milngavie, Glasgow) connected the exercise cage to the individual cages, allowing the marmosets to run between them. The exercise cage served 2 purposes; it allowed the routine exercising of each pair of animals, or each 'family' after the young were born, and it also provided great interest for the other animals in their individual cages. When this system was in operation the marmosets settled down much more rapidly, and within a few days of arrival from the jungle the animals spent most of their time out of their nest boxes watching the animals in the exercise cage. There was a great deal of vocalisation between all the animals, and no evident signs of boredom.
They settled to their new diet quickly, a major factor in ensuring a high rate of survival.
Under these conditions many of the females became pregnant within 6 weeks of arrival from the wild, and give birth before their 6 month quarantine period was com- pleted, only to conceive again at a post-partum ovulation, giving birth for a 2nd time within their 1st year in captivity. Families were housed in double cages (100 X 50 X 75 cm) by opening a connecting hatch between adjacent single cages, and still received the same exercise routine in the large cage. The principle of access to a large exercise cage every few days was a basic routine in the management of the colony and extended to all breeding and experimental animals.
The 5 animal rooms were maintained at a temperature of 24°C (range 21-29°C) and 65 % relative humidity (range 55-70 %), and ventilated at about 10 changes of air per hour. Natural light came from large windows in the animal rooms. Additional artificial lighting was provided each day from 0500 to 1900. Although the rooms were light well beyond these times during the summer, the marmosets usually retired to their nest boxes for the night at about 1800 and emerged from them at 0700, keeping to these times all the year round.
Diet
On arrival each animal was weighed and given 2 ml 10% glucose saline, 3 ml protein concentrate ('Com plan' ; Glaxo Laboratories Ltd) and a dose of vitamins as detailed below. The animals were placed in cages in which there were open plastic trays, one containing fresh water and the other the protein concentrate.
A paper tray held about 40 g of mixed fresh cubed apples, banana and grapes. The lights in the animal rooms were left on throughout the 1st night. For the 1st week the same diet was supplied daily, with the addition of 30 g primate diet pellets (Cooper Nutrition Products Ltd, Stepfield, Witham, CM8 3AB) soaked briefly in hot water or milk. Each animal was handfed 5 ml protein concentrate each day for the 1st week, or longer if it was not yet eating most of the available food in the cage. Fresh water, supplied each day in open trays, is essential as marmosets on arrival from the wild cannot use conventional water bottles.
Water bottles were attached to the cages and refilled with fresh water twice weekly throughout the conditioning period, and most marmosets started drinking from these bottles within 4-6 weeks of arrival.
Once the animals had settled down in quarantine, food was supplied at about 1000 each morning in disposable grease proof paper trays (10 cm diameter X 4 cm deep). Each pair of animals received 20 g of the primate diet pellets and some fruit. Either apples, bananas, oranges or grapes were given daily, with a different fruit each day: each pair of animals received the equivalent of about half an apple per day. Twice weekly the food was sprinkled with about I00 mg nutritional supplement (SA-37; Intervet Laboratories Ltd, Viking House, Viking Way, Bar Hill, Cambridge, CB3 8EW) and once weekly the fruit ration was replaced by a similar quantity of canned dog food ('Chappie'; Petfoods Ltd, Melton Mowbray, LEI3 IBB). 2 months after arrival from the wild a small proportion of dry primate diet pellets was introduced with the soaked pellets, and this proportion was slowly increased over a period of about 3 weeks until the animals were conditioned to eat only the dry pellets (20 g per animal) and a little fruit, as described, each day.
The protein concentrate was supplied daily in plastic dishes to all lactating females and to any convalescent animals.
Once weekly every animal in the colony received a 'vitamin-cocktail' consisting of 1250 i.u. vitamin D:J (cholecalciferol 40000 i.u.fmg; Sigma London Chemical Co. Ltd, Norbiton Station Yard, Kingston upon Thames, Surrey) in 0,5 ml soya bean oil, 0·2 ml calcium syrup ('Calcium Sandoz'; Sandoz Products Ltd, P.O.B. Horsforth 4, Leeds, LSI8 4RP), 0·2 ml vitamin B 12 syrup ('Cytacon'; Glaxo Laboratories Ltd) and 0·1 ml multivitamin solution (' Abidec'; Parke Davis & Co.). This was administered orally using a 1 ml syringe. The marmosts adapted very quickly to this procedure and were eager to accept the mixture, thus facilitating any subsequent treatment with vitamins, medicines or test substances. This weekly dose of vitamins was reduced roughly in proportion to bodyweight for young marmosets.
Cleaning routine
Marmosets spend a considerable proportion of their time scent-marking their surroundings, so that over·frequent cleaning is inadvisable. The cage units and nest boxes were washed and sterilised once monthly, but the nest boxes were washed 2 weeks after the cages, so that the scent of the animals was retained.
The perches and base-grids from each cage were washed and sterilized once weekly, but the grids were removed and brushed clean every day to remove any faeces or excess food. Trays under each base-grid were filled with wood shavings on paper, and these were changed once weekly.
Precautions
An effective barrier system is essential for any primate colony.
Only staff that were directly involved were allowed access to the animal areas. They wore disposable caps, masks and gloves and protective overalls and boots, and stepped through a footbath of a disinfectant such as 'FAM' (Vanodine International, Chadwick Road, Eccles, Manchester), 'Janitol' (Deb Chemical
Properties Ltd, Belper, Derbyshire) or I % hypochlorite when entering or leaving each animal room. They wore leather gauntlets extending to the elbow when handling the animals.
No one who had been in contact with mumps, measles or other infectious diseases was al10wed to enter.
Pregnancy diagnosis
Pregnancy can be diagnosed by abdominal palpation, and growth curves for the uterine diameter of marmosets carrying single, twin and triplet foetuses were reported by . The width across the fundus of the uterus can be measured using a thumb and forefinger as calipers.
Nonpregnant females had a uterine diameter of 4-7 mm, but by the 25th day of pregnancy the uterus was 8-10 mm and by the 40th day] 5 mm wide. Pregnancy may be diagnosed within the first 14-20 days after conception by radioimmunoassays for plasma luteinising hormone (LH) and chorionic gonadotrophin, or for progesterone and oestradiol 1713 .
Commercially-available
pregnancy tests have shown a variable response when used on the marmoset, although the 'Gravindex' test (Ortho Pharmaceutical Ltd, Saunderton, High Wycombe, HPI44HJ) showed some promise.
Marmosets have a post-partum ovulation, and can conceive within 10-40 days of giving birth; the adults started mating as early as 3 days after parturition.
Rearing young marmosets
The marmosets produced single, twin and triplet young in the approximate percentage ratio of 5 :80: 15. When single and twin young were produced the adults normally reared them successfully.
The male and female adults were equally involved in carrying the young, the male passing them to the female for feeding.
The young started to leave the adults voluntarily at 20-25 days of age and were weaned naturally at about 40 days old, although they might continue to suckle sporadically up to 80 or 90 days of age. Initially they would accept solid food only if taken from their parents' hands.
As soon as they were weaned the daily food ration for the family cage was doubled, and 20 ml protein concentrate was placed in the cage each day until they were about 60 days old.
It was advisable to leave young marmosets with their parents until the next set of young were born and weaned.
Thus they were able to learn the complex reproductive behaviour during birth and rearing that is characteristic of this species. Although the 1st set of young were carried by the adults, when the 2nd set of young were born this task was largely passed over to the 1st set (Fig. 2) , and the adults actively avoided the new young, forcing the older young to carry them. When triplets were born, 1 of them invariably died within 4 days of birth. It was therefore advisable to remove 1 of the triplets as soon as possible after MARMOSET   BREEDING  COLONY  13] birth, and either to foster it to another family or to hand-rear it (Hampton & Hampton, 1967) .
Collection of blood
Blood could be taken from the femoral vein using a heparinised ] ml disposable syringe and a 0,46 mm diameter (26 gauge) needle. Although 0·61 or 0·51 mm diameter (23 or 25 gauge) needles may be used, there was a much greater risk of a haematoma occurring. The animal was restrained by a handler who encircled the animal under its arms with a thumb and forefinger while supporting its back with the palm of the same hand.
The other hand was used to restrain the leg that was not being bled. The person taking the blood sample held the leg in one hand and operated the syringe with the other. Marmosets relaxed much more in this grip than when they were tied to a restraining board.
If the animal was given a grape or some food to distract its attention while the blood sample was taken it did not attempt to kick or escape.
After collection the needle was removed from the syringe, which was then sealed with a self-sealing plastic cap, (Steriseal Ltd, Redditch, Worcestershire), thus allowing the syringe to be placed directly in a centrifuge without any wastage of blood caused by transfer to a centrifuge tube. Blood samples of 0,25-0,35 ml could be taken each day for up to 40 days without any apparent ill effects on the animal, but the marmoset should be given 0·25 ml iron syrup ('Fersamal'; Glaxo Laboratories Ltd) twice weekly for replacement of iron.
Collection of urine
Rat metabolism cages (North Kent Plastic Cages Ltd, Home Gardens, Dartford, Kent) could be used for marmosets.
A polystyrene container placed underneath the cage (Fig. 3) allowed the urine to be collected directly into an ice bath. Marmosets could be kept for 24 h periods every other day for up to 40 days in these cages, and showed no loss of condition or health.
We have obtained 24 h urine specimens twice weekly throughout pregnancy from marmosets using these cages, and the animals were apparently unaffected by the experience, giving birth and rearing their young successfully.
The volume of urine produced by marmosets (± s.e.m.) in 24 his ]6·99±Q·34 ml (n=488; range=3·0-47·Q ml).
Ovarian cycle
Measurements of LH, progesterone and oestradiol-17~in the peripheral plasma of the marmoset show that this species has a clearly defined ovarian cycle of 16·4 ± 1·7 days . The conventional methods This is a rare situation amongst mammals: an animal that has neither a menstrual nor an externally detectable oestrous cycle, although the ovarian cycle is hormonally well defined.
Vaginal lavage
Vaginal washings were examined for the presence of sperm, or of proteins whose appearance is apparently correlated with the stage of the cycle (Hearn & Renfree, 1975) . The cervical and vaginal region was flushed with 0·1 ml sterile physiological saline, which was introduced to the vagina by a 1 ml syringe with a 0·81 mm diameter (21 gauge) needle tipped with a 5 mm length of plastic tubing. A 1 ml eppendorf pipette tip, cut at its end to a size that allows passage of the plastic tubing, was first inserted into the vagina as a speculum. The needle with its plastic tip was gently inserted through this so that flushings did not come into contact with the external genitalia. The animal was restrained by holding the upper part of the body with one hand (in the same way as for bleeding) while both the animal's legs were held up with the other hand, allowing another person to take the lavage specimen.
Additional attention
Primates become bored easily, and over a lengthy period this can adversely affect their health and breeding performance. This is particularly true of the larger primates whose size usually makes it difficult to supply sufficient space with adequate standards of security.
Marmosets can be caged easily in breeding pairs and family groups so that the problem is not so apparent, but any effort to talk to, hand feed, or generally distract the marmosets during the day is time well spent.
When accustomed to it marmosets appear to enjoy being handled occasionally, and this also relieves their boredom and helps them to settle down in captivity, with consequent improvements in thier breeding performance.
DISCUSSION
Under the conditions described, marmosets settled down rapidly in captivity and bred at almost the maximal rate. The common marmoset proved inexpensive to house and feed, and was easier to handle than the larger, more conventional laboratory primates.
They could easily be kept in family groups, alIowing a more normal behavioural situation to prevail than is possible with larger primates-where much more space and security are required. This makes them one of the few primate species that may be established in colonies that are numerically large enough to alIow experimental work and to be selfreplacing at a cost that is not prohibitive.
The critical period in the establishment of a marmoset colony is the few weeks after each batch arrives from the wild. Their condition on arrival in the laboratory is often terrible, and necessitates a gruelling period when it is essential to get them accustomed to conditions of captivity and to a strange diet before they die from starvation or dehydration, from parasites or from infections picked up en route from the wild. In this paper we have reported procedLires of intensive care that have proved successful, and to which marmosets will. respond rapidly after their arrival from the wild.
It should be possible, with little additional expense, to improve the survival rate of marmosets between their capture and their arrival in the laboratory.
Commercial importers have stated that only 10-20 % of marmosets captured in the wild survive this period.
It follows from this that the demand for marmosets from the wild is grossly inflated by unnecessary wastage due to poor conditions of capture and transport.
These conditions must be improved by the animal trappers, shippers and importers to prevent the animals arriving at the laboratory in a debilitated state.
IdealJy, the governments of the exporting countries should lay down statutory minimum conditions for the shipping of primates, a difficult task when one considers the vast areas over which marmosets and other primates are caught, but not too difficult if there is some control over the exporters.
Im-porters could help by suggesting improvements to their suppliers. We would suggest the following simple guidelines from our admittedly limited experience. Marmosets should be caged for shipment in groups of 2 or 3 to prevent the crushing which often occurs if they are packed in larger groups.
This would help to limit cross-infection.
Each pair should have a space of at least 20 x 20 x 20 em and should be given chopped apple or banana to last through each stage of the journey.
Some fruit with a high fluid content-such as grapes-should also be provided in order to reduce dehydration, a major cause of death en route.
Brazil has banned the export of marmosets because of depletion of wild stocks, and several other South American countries are likely to follow suit. If the survival rates of marmosets and other monkeys during the period from capture to arrival in the laboratory could be improved, such bans would probably not be necessary.
